Progress in the development of a time projection style photoelectron detector is reported. The development is intended to demonstrate the principles and determine specifications for a practical design of the large CRID device recently described in the SLD design report, wherein a large detector for the Stanford Linear Collider is described. The drift detector utilizes the technique of photo-ionization of Cerenkov light in tetrakis-dimethylamino-ethylene (TMAE) vapor at (1700-2200 A), and drifting the photoelectrons ten's of centimeters to a proportional chamber picket fence, where the drift time provides one coordinate and the wire number the other coordinate. Results are reported on the drifting of photoelectrons from the Cerenkov light and a light pulser over distances of 10 to 60 centimeters.
Introduction
Cerenkov-ring-imaging promises to be a very effective method of particle identification in colliding beam physics and has been chosen as the method of identification for the new SLD spectrometer at the Stanford Linear Collider. The technique was chosen because of its superior performance over a large momentum range when compared to other types of particle identification. This is largely due to the new dual radiator approach taken here.
The principle of Cerenkov-ring-imaging was first put forward by Arthur Roberts1 and was recently reintroduced by the practical proposal from Ypsilantis and Seguinot.2 The SLD design has evolved from many discussions with them about their work. Other designs have now been adapted to several quite different experimental geometries.3
A quarter cross section view of the SLD detector is shown in Fig. 1 and a more detailed cross-section of the CRID device is shown in Fig. 2 . Particles emerging from the interaction first pass through the vertex and tracking detectors before entering the CRID. The trajectory first takes it through a thin layer of the liquid radiator (C6-F14, perfluoro-n-hexane) whose index of refraction is 1.277. Cerenkov light is produced in a large cone (up to 53 degrees Cerenkov angle) which becomes a large ring when it intercepts the plane of the detector. The trajectory continues into a region filled with a radiator gas (isobutane) whose index is 1.017. Cerenkov light in this region is produced at an angle of up to 50 milliradians and is imaged by spherical mirrors back down to the detector plane. Fig. 2 consists of a 4 centimeter thick box with UV transparent quarts windows on both sides. The Cerenkov photons from the charged particle pass through these windows and are converted by photo-ionisation of TMAE vapor, which has a high quantum efficiency in the range 1700 to 2200 A. The detector box is wound with a field cage establishing an electric drift field along'the axis of the detector box, as shown in Fig. 3 . The photoelectrons drift at conitant velocity down the box until they arrive at the detector, which is a picket fence of multi-wire proportional counters with opaque, conducting blinds between -cells. The coordinates of the point of origin of the photoelectron are recorded as the drift time of the electron and the wire address at which the electron was counted.
4. Ring }mages Cerenkov ring images have been observed with a short 20 centimeter drift box built in the described manner and illustrated in Fig. 4 along with the beam line experimental layout. Ring images were obtained from a liquid radiator placed very close to the drift box in order to contain most of the image (although some was still lost due to the large Cerenkov angle from 11 GeV/c pions). Figure 5 shows a radius plot of single photoelectrons from many tracks after radiator-empty data has been subtracted. The right hand slope from 5 to 7 centimeters results from the 11 millimeter absorption length of the TMAE vapor. This effect will be removed when the conversion depth coordinate is read out using charge division on the'anode or cathode of the picket fence detector. In an effort to measure NO the Cerenkov efficiency parameter, the ring images were intentionally offset in the short drift detector so that one-quarter of the 5. Long Drift of Single Photoelectrons The device shown in Fig. 7 has been built to study the problems of drifting Cerenkov rings in a system which has the same essential dimensions as the SLD design. It is built with liquid and gas radiators and a mirror in positions corresponding to the SLD design report, approximately. The long drift box is longer than the longest drift required in the SLD CRID and the entire system is mounted between the pole tips of a magnet capable of exceeding the field specified for the SLD solenoid.
The system is in an 11 GeV/c pion or kaon beam at SLAC where it will be studied in late 1984 and 1985. The device has been studied in recent months with a pulsed, focussed nitrogen laser light in order to measure the life-time (and consequently the attenuation-length), and diffusion of single electrons drifting long distances in the detector gas (methane-isobutane). The method involves removal of the mirror and its flange so that a focussed laser spot can be scanned vertically and horizontally over the 20 by 80 centimeter surface of the drift box quartz window.
Electron lifetime
The electron lifetime was measured in methane(70% ) -isobutane (30% ) by focussing the laser spot onto a point in the drift box 60 centimeters away from one wire in the multi-wire picket fence detector. By varying the drift voltage applied to the far end of the drift box, the drift time is varied and recorded by the time-of-flight electronics. The counting rate decreases with increasing drift time as seen in Fig. 8 . The lifetime corresponding to the 1/e point is 40 microseconds.
The drift velocity for methane-isobutane results from this measurement and is shown in Fig. 9 . The lifetime was also measured by scanning the laser spot over the length of the drift box at fixed voltage in order to directly measure the loss of photoelectrons versus drift distance. The results shown in Fig. 10 give an attenuation length of 120 cm at 500 V/cm, which corresponds to a lifetime of 34 microseconds for the 70% -30% mixture with 20 PPM oxygen.
An attempt was made to measure the lifetime of methane without isobutane. The results indicate a lifetime of 75 u8 or longer with 20 PPM oxygen. Since the drift velocity is much higher, 9 cm/,us, the attentuation length is much longer, i.e. several meters.
Diffusion
Longitudinal diffusion has been studied by looking at the time distribution of electrons from the small laser spot as a function of drift distance. The results are shown in Fig. 11 .
The value of 180 ,/cm1/2 results in a worst case photoelectron resolution of 1.5 mm at 75 cm, the maximum drift distance.
The transverse diffusion is somewhat harder to measure using this apparatus. The technique utilizes the rectangular cell structure of the picket fence detector wires and the smallness of the laser spot (200 microns). It is assumed that the electrostatics of the drift box and picket fence cell results in a zero or 100 per cent chance of detecting the electron on the anode wire depending on whether the electron drifts to the wire or the blind. In the absence of diffusion a scan of the small laser spot across the 4 mm cell would result in a nearly rectangular response curve shown in Fig. 12 . Introduction of a gaussian diffusion of the electron as it drifts down the box, will result in a blurring of this sharp profile. Data taken at two drift distances is shown in Fig. 13 . The dominance of the diffusion over the intrinsic cell electrostatic width is apparent. The effect of a magnetic field collinear with the electric field was also measured to see if expected shrinkage of the transverse diffusion is significant. The shrinkage is related entirely to the drift velocity, given a fixed electric and magnetic field as follows:
B is the magnetic field (10 kilogauss in SLD, 12.5 kilogauss here), E is the electric field (500 V/cml), and U is the drift velocity. The measured and calculated results are shown in 
